Background {#Sec1}
==========

Several studies have described patent ductus venosus (PDV), a congenital shunt located between the portal vein (PV) and inferior vena cava (IVC). It is one of the causes of hepatic encephalopathy (HE) secondary to hyperammonemia in adults, but it is not well understood owing to its rarity and non-specific presentation; therefore, its diagnosis is often delayed. Consequently, these cases are often misdiagnosed as mental disorders (Saito et al. [@CR21]; Watanabe [@CR28]). Additionally, the optimal treatment management remains unclear. Symptomatic PDV management is classified into four types: low-protein diet therapy (Watanabe [@CR28]), surgical management (Kamata et al. [@CR9]; Perini et al. [@CR20]; Kamimatsuse et al. [@CR10]; Hara et al. [@CR7]), liver transplantation, and endovascular therapy (EVT). To the best of our knowledge, there is limited information about adult-onset PDV in the literature; moreover, the results of the treatment methods used are unclear owing to the rarity of this condition. Furthermore, the number of case reports on the use of EVT for patients with PDV is limited (Saito et al. [@CR21]; Schwartz et al. [@CR22]; Marx et al. [@CR13]; Shen et al. [@CR23]; Chacko et al. [@CR4]; Llanos et al. [@CR11]; Cho et al. [@CR5]; Araki et al. [@CR1]; Maeda et al. [@CR12]; Paudel and Hoffer [@CR19]); of these reports, EVT was performed in only four adult patients. The short- and long-term efficacies and the safety of this procedure remain unclear. Hence, strategies for the use of transcatheter method to treat patients with PDV have not been established yet. Here we present an extremely rare case of symptomatic adult-onset PDV successfully treated via endovascular coil embolization.

Case presentation {#Sec2}
=================

We report the case of a 35-year-old man without any medical history who suffered from progressive general fatigue and transient mental confusion for 3 months. The patient was misdiagnosed with depressive personality disorder in another hospital, and the treatment was ineffective. Subsequently, the patient was referred to our hospital for further examination and treatment. Laboratory tests at our hospital revealed the presence of hyperammonemia (263 μg/dl), which suggested HE. Other laboratory data revealed no significant abnormalities, except low levels of serum albumin (3.0 g/dl) and a slightly elevated level of total bilirubin (1.4 mg/dl). Hepatitis B antigen and hepatitis C virus antibody were negative. Contrast-enhanced multidetector computed tomography (MDCT) suggested a portosystemic shunt that connected the left PV to the IVC (arrowhead in Fig. [1](#Fig1){ref-type="fig"}a, b). Fig. 1The findings of contrast-enhanced multidetector computed tomography (MDCT) and transcatheter angiogram. **a**, **b** Contrast-enhanced MDCT showing an abnormal venous connection between the left portal vein and the inferior vena cava (IVC; white arrows), suggestive of patent ductus venosus. **c**, **d** Elective superior mesenteric angiogram with delayed venous phase image and transfemoral venography showing the same findings as those of MDCT

Initially, conservative therapies including a low-protein diet were selected. However, they could not improve his symptoms owing to the presence of HE. A multidisciplinary team decided that surgical ligation might be associated with higher risks than endovascular coil embolization. Thus, informed consent was obtained from the patient and endovascular coil embolization under local anesthesia was planned. Before the procedure, elective superior mesenteric angiogram with delayed venous phase image and transfemoral venography were performed to confirm PDV diagnosis. Additionally, percutaneous liver biopsy was performed to discriminate pathological changes in the liver specimens (arrowhead in Fig. [1](#Fig1){ref-type="fig"}c, d). The findings of these examinations showed a portosystemic shunt that connected the left PV to the IVC and no evidences of hepatitis, cirrhosis, or veno-occlusive disease.

First, we planned to perform endovascular coil embolization using a 6-French catheter with a 20-mm-diameter balloon (Selecon MP catheter II: TERUMO Clinical Supply, Gifu, Japan). An 8-French sheath was inserted into the right jugular vein; following catheter insertion into the target vessel, the balloon was carefully inflated. However, the catheter was found to be floating and was easily pulled out. The aneurysmal dilatation diameter was found to be wider than that determined during the pre-procedure assessment. Therefore, we used a 7-French Swan-Ganz catheter (Edwards Lifescience, CA, USA) with a maximum balloon size diameter of 35 mm via the right common femoral vein (CFV), and it could occlude the target vessel completely. Additionally, complete occlusion was confirmed by catheter angiography via tip-hole of Swan-Ganz catheter and 5-French Judkins R. Temporary balloon occlusion testing (BOT) was performed for 3 h in intensive care unit to assess the changes in portal hemodynamics after complete embolization (Fig. [2](#Fig2){ref-type="fig"}). PV pressure increased from 10 to 30 mmHg after BOT. Laboratory results after 3 h showed a reduction in ammonia levels and no significant increase in transaminase. Moreover, abdominal ultrasonography showed no findings of congestive liver. Before coil embolization, a retrievable IVC filter (OptEase vena cava filter: Cordis Endovascular, A Johnson & Johnson company, Warren, NJ) had been placed to protect against coil migration at the connecting portion between the target vessel and IVC via the left CFV (arrowhead in Fig. [3](#Fig3){ref-type="fig"}a). A 6-French guiding catheter (Mach 1 MP: Boston Scientific, Natick, MA) was advanced into the target vessel via the right CFV. Coil embolization of the aneurysmal portion of the target vessel was accomplished using 18 coils: 6 interlocking detachable coils (Boston Scientific, Natick, MA) and 12 Trufill DCS Orbit Galaxy Complex Fill (Codman & Shurtleff, Inc. Raynham, MA) through a microcatheter (PROWLER SELECT Plus: Johnson & Johnson, Miami, FL, USA; Figs. [3](#Fig3){ref-type="fig"}b and [4](#Fig4){ref-type="fig"}). Immediately after coil embolization, his symptoms disappeared. However, it took 6 months for the serum ammonia levels to reach the normal range. Subsequently, the patient was free of the clinical symptoms and presented with no procedure-related complications during 6-year clinical follow up. Fig. 2Temporary balloon occlusion testing was performed for 3 h. The laboratory test following temporary BOT shows decreased serum ammonia levels in SVC, portal vein, and IVCFig. 3Coil embolization following placement of the IVC filter (white arrows)Fig. 4Coil embolization successfully performed using 18 coils

Conclusions {#Sec3}
===========

Ductus venosus is naturally closed immediately after birth (Meyer and Lind [@CR15]; Vade et al. [@CR26]). PDV is a persisting congenital connection between the PV and IVC, and this extremely rare portosystemic shunt may be the cause of adult-onset portosystemic encephalopathy. To the best of our knowledge, there is limited information about adult-onset symptomatic PDV in the literature (Barsky et al. [@CR3]; Barjon et al. [@CR2]; Nakatsuji et al. [@CR17]; Jacob et al. [@CR8]; Nagano et al. [@CR16]).

The treatment options for symptomatic PDV are as follows: conservative management with a low-protein diet, surgical management including liver transplantation, and endovascular management (Barsky et al. [@CR3]; Franchi-Abella et al. [@CR6]; Uchino et al. [@CR25]; Orii et al. [@CR18]). Patients with mild symptomatic adult-onset PDV may be treated via conservative management (Saito et al. [@CR21]; Watanabe [@CR28]; Araki et al. [@CR1]). However, other interventional therapies can be indicated for patients with refractory symptoms, in addition to conservative therapy (Saito et al. [@CR21]; Araki et al. [@CR1]; Maeda et al. [@CR12]). In recent years, the safety and efficacy of minimally invasive laparoscopic treatment for PDV has been reported (Perini et al. [@CR20]; Takama et al. [@CR24]; Hara et al. [@CR7]). However, surgical management is generally more invasive owing to a complicated procedure and several potential risks, and the clinical results remain quite questionable (Barsky et al. [@CR3]; Nakatsuji et al. [@CR17]; Yamashita et al. [@CR29]). In contrast, theoretically, EVT is less invasive. The first case of an adult patient who underwent coil embolization for PDV occlusion was reported in 2003 (Araki et al. [@CR1]). There are extremely limited reports on the use of EVT for patients with symptomatic adult-onset PDV so far (Saito et al. [@CR21]; Araki et al. [@CR1]; Maeda et al. [@CR12]). Several procedural strategies and techniques, including BOT before coil embolization and the use of various devices have been reported in all age groups (Saito et al. [@CR21]; Araki et al. [@CR1]; Maeda et al. [@CR12]). However, the transcatheter method of treatment has not been established yet. In addition, the short and long-term efficacies and safety of this procedure remain unknown.

To the best of our knowledge, this is the first report of a patient who underwent coil embolization following retrievable IVC filter placement for PDV occlusion. Coil embolization has been performed along with balloon occlusion in previous studies to avoid coil migration (Araki et al. [@CR1]; Maeda et al. [@CR12]). We first attempted to occlude the target vessel with a balloon catheter; however, the balloon catheter was found to be floating and failed to occlude the exit of the target vessel completely because of a wider aneurysmal dilatation diameter than predicted. Thus, a 7-French Swan-Ganz catheter was used during BOT, and a retrievable IVC filter was placed to avoid coil migration during coil embolization.

In previous reports, more than half of the patients with PDV were complicated with absence or hypoplasia of the intrahepatic portal venous system and were indicated for liver transplantation or surgical ligation of the shunt after BOT (Wanless et al. [@CR27]; Matsubara et al. [@CR14]). Moreover, the PV pressure after BOT (under 22 mmHg) was reported to be a predictor of the postoperative risks (Kamimatsuse et al. [@CR10]). In our case, percutaneous liver biopsy before procedure showed no significant abnormalities. Moreover, although the PV pressure after and 3-h temporary BOT was elevated to 30 mmHg, the patient was free of clinical symptoms with no procedure-related complications at the 6-year clinical follow up.

In conclusion, the findings of this case support those of other studies and indicate the efficacy and safety of endovascular coil embolization following retrievable IVC filter placement for the treatment of patients with symptomatic adult-onset PDV. This treatment approach may offer a less invasive therapeutic option.
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